Background & Aims:
The Helicobacter pylori gene cagA and s1 or m1 forms of vacA are more common in disease-associated strains. Recently, forms of cagA encoding multiple type C EPIYA segments (which increase phosphorylation-dependent CagA activity) and a new type i1 "intermediate region" polymorphism in vacA (which confers toxicity) have been described. We assessed the association of new and established cagA and vacA polymorphisms with disease.
Methods: We studied 203 H pylori-infected subjects (53 gastric cancer [GC], 52 peptic ulcer [PU], and 98 gastritis). vacA signal, mid and intermediate region polymorphisms,
cagA presence, and EPIYA-C segment number were analyzed by polymerase chain reaction. Results: cagA-positive strains were significantly associated with GC and PU (P < .001 and P < .05). GC risk was further associated with the number of cagA EPIYA-C segments (odds ratio [OR] ‫؍‬ 7.37, 95% confidence interval [CI] ‫؍‬ 1.98 -27.48 for 1 EPIYA-C segment; OR ‫؍‬ 32.5, 95% CI ‫؍‬ 8.41-125.58 for 2 or more EPIYA-C segments). Increasing number of EPIYA-C segments also increased the risk of intestinal metaplasia. Type s1 and i1 vacA alleles were also associated with GC and type i1 vacA with PU (OR ‫؍‬ 2.58, 95% CI ‫؍‬ 1.19 -5.61), including a significant association with duodenal ulcer. In multivariate analysis, the associations of cagA EPIYA-C segment number with GC and intestinal metaplasia as well as vacA i1 type association with PU remained. Conclusions: We confirmed the associations of cagA and vacA polymorphisms with disease but now define their most important features. For cancer risk, among Western strains, the most important factor is the number of cagA EPIYA-C segment. For PU risk, it is the intermediate region type of vacA.
T he main virulence determinant of Helicobacter pylori is a pathogenicity island called cag. cag pathogenicity island-positive strains have been shown in many studies to be closely associated with peptic ulcer (PU) and gastric cancer (GC). 1, 2 Genes in the cag pathogenicity island encode a type IV secretion system through which an effector protein, CagA, is translocated into the host cell cytoplasm. 3 Once inside the host cell, CagA can disrupt signaling pathways by phosphorylation-dependent and -independent mechanisms, leading to abnormal proliferation, motility, and cytoskeletal change in gastric epithelial cells. 4 -10 CagA is phosphorylated by Src kinases in the C-terminal region on tyrosine phosphorylation motifs containing the Glu-Pro-Ile-Tyr-Ala (EPIYA) amino acid sequence. CagA is characterized by structural diversity in the EPIYA-repeat segment, which results in 2 major species: Western and East Asian CagA. Four types of EPIYA segments are described: A, B, C, and D. Western strains most commonly have an ABC pattern and East Asian strains an ABD pattern. A, B, and D segments are occasionally absent or repeated. In contrast, C segments are often duplicated and Western strains with ABCC and ABCCC patterns are relatively common. As EPIYA-C segment numbers increase, the magnitude of CagA phosphorylation increases and the CagA-induced cellular effects are more profound. This has been suggested to enhance cancer risk. 8, [11] [12] [13] [14] [15] [16] A second virulence factor is the vacuolating cytotoxin, VacA. 17 The gene encoding this (vacA), detectable in all strains, is polymorphic, with different types encoding VacA with different levels of vacuolating cytotoxin activity. The major variation occurs in the vacA signal region (which can be type s1 or s2) and the mid region (m1 or m2). 18, 19 Type s1m1 strains are highly toxigenic and s2m2 strains are nontoxigenic, while s1m2 strains are often intermediate. Few s2m1 strains have been described, 20 suggesting the existence of a strong negative selection toward this allele. The interaction of active VacA toxins with specific cellular receptors evokes a cascade of cellular events: induction of large cytoplasmic vacuoles, mitochondrial damage, cytochrome c release, inhibition of T-lymphocyte activation, and interference with antigen presentation. 3, 17, [21] [22] [23] vacA s1/m1 and s1/m2 strains have been associated with PU, and s1/m1 strains have been associated with GC. 18, 19, 24 Recently, Rhead et al 24 described a new polymorphic region in vacA that they termed the intermediate (i) region, located between the s and m regions. The i region encodes part of the p33 VacA subunit and 2 types, i1 (vacuolating) and i2 (nonvacuolating), were described. They showed that this region was directly involved in toxicity by exchange mutagenesis experiments. They then developed a polymerase chain reaction (PCR)-based typing system for this region and showed in an Iranian population that the i1 genotype was a better marker of cancer-associated strains than s1 or m1.
The main aim of the present work was to study the associations of both new and established H pylori virulence markers (vacA s, m, and i region polymorphisms, cagA status, and the number of CagA EPIYA-C segments) with GC and PU. Our data set also allowed us to study the interrelationship between these virulence factors; their associations with bacterial density, gastric inflammation, and gastric intestinal metaplasia; and, in the case of the CagA EPIYA-C segment, with the region of the stomach preferentially colonized by H pylori.
Patients and Methods Patients
In this retrospective study, we selected 203 H pylori-infected subjects. A total of 150 patients with benign diseases were selected from a series of 1145 consecutive outpatients admitted to the Endoscopic Unit of the University Hospital of Padova for investigation of dyspepsia. The selection criteria were as follows: (1) presence of H pylori infection (see Supplementary Table 1 for definition; see supplementary material online at www. gastrojournal.org), (2) no previous treatment for H pylori infection, and (3) no recent (within 4 months) treatment with proton pump inhibitors, antibiotics, bismuth-containing compounds, or nonsteroidal anti-inflammatory drugs. Among these, 52 (30 male and 22 female; mean age, 50 years; age range, 17-73 years) had PU (46 duodenal and 6 gastric) and 98 (44 male and 54 female; mean age, 45 years; age range, 8 -79 years) had gastritis (antral predominant, 47 cases; diffuse, 51 cases). During endoscopy, one antral biopsy specimen and one body biopsy specimen were taken for H pylori culture and 4 antral and 2 body biopsy specimens for histologic evaluation.
Fifty-three H pylori-infected (see Supplementary Table 1 for definition) patients with GC (28 male and 25 female; mean age, 67 years; age range, 28 -88 years) were selected from a consecutive series of 73 patients who had undergone radical resection for GC, always histologically confirmed. Tumors were located in the upper third of the stomach in 2 cases, in the middle third in 12 cases, and in the lower third in 31 cases; 2 patients had multifocal and 6 patients had cardia GC. From each resected stomach, one tumor tissue sample and one sample from the adjacent (at least 3 cm from the tumor margin) normal mucosa were obtained and snap frozen in liquid nitrogen immediately after excision and stored at Ϫ80°C until processing. Lauren's classification was as follows: intestinal, 32 cases; diffuse, 21 cases.
Written informed consent was obtained from each subject or his or her guardian.
Histology
GC was diagnosed and classified on surgical specimens after H&E staining. From the series of 150 patients with benign diseases, antral and body biopsy samples were used to classify type and grade of inflammation (H&E), H pylori infection, and grade (Giemsa and/or Warthin-Starry) according to the updated Sydney System criteria. 25 The presence or absence of intestinal metaplasia (IM) was evaluated in 147 patients with benign diseases. 25 Among patients with GC, because of confusion with neoplastic tissue, IM could only be said to be definitively present or absent in 38 patients. When analyzing the association between IM and H pylori virulence determinants, patients with GC were not included anyway because of potential confounding due to the presence of carcinoma.
Diagnosis of H pylori Infection
H pylori-positive status was defined as positive culture and histology for patients with benign diseases or positive ureA PCR for patients with GC 26 cagA Gene Identification and Predicted CagA EPIYA Segment Analysis
The presence or absence of cagA was studied as previously described. 26 The 3= region of cagA encoding the EPIYA segments was analyzed following Yamaoka et al 27 and Argent et al 28 (conditions detailed in Supplementary Table 3 ; see supplementary material online at www.gastrojournal.org). We used both approaches because our DNA samples were not derived from single H pylori colonies. Multiple infections could be detected by using the primers described by Yamaoka et al, 27 while an improvement in specificity for EPIYA-repeat segment classification could be obtained by using the primers described by Argent et al. 28 The results obtained following the 2 approaches were matched to reach a final classification of the infecting strain.
In a subset of 28 samples (14 GC, 6 PU, 9 gastritis), 3 of which showed multiple amplicons after PCR with primer pair TF-TR, 27 the 3= cagA region was sequenced using the primer pairs TF/WR 27 and WF/TR 27 or WR/ HpSRE2 (5= GGCTAAAGCAATGGGCGATTT 3=) or WR/HpSRE3 (5= CGCAAGCAAAAAGCGACCTT 3=). Sequencing reactions were analyzed on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA), and data were processed with the Sequencing Analysis 3.3 software (Applied Biosystems).
Statistical Analysis
ClustalW program (1.82) was used to align nucleotide and amino acidic sequences and to generate a similarity tree (cladogram) of the amino acid sequences estimating genetic distances between the sequenced strains. The statistical analysis of data was made using the univariate and multivariate multinomial logistic models, the 2 test, and the nonparametric Mann-Whitney test and the Kruskal-Wallis tests in SAS for Windows version 9.1.3 (SAS Institute Inc, Cary, NC).
Results

vacA Typing
Of our 203 samples, 4 and 53 had untypeable vacA s and m regions, respectively. We performed successful vacA i region typing at a later date on DNA from 171 available cases. Typing of 10 cases (1 GC, 4 PU, and 5 gastritis) showed probable mixed strain infection in that both s1 and s2 or both i1 and i2 or both m1 and m2 vacA alleles, or a combination, were found. These cases were not included in subsequent association analyses.
The Polymorphic Structure of vacA
To study the structure of vacA in our samples, we excluded strains where vacA was not fully typeable or where we suspected multiple strain infections. This left strains from 123 patients. By conventional vacA s and m region typing, 42% strains were s1/m1, 16% s1/m2, and 42% s2/m2. In agreement with the original description of vacA i region, 24 all s1/m1 strains were type i1 and virtually all s2/m2 strains (51/52) were i2; we found a single s2/i1/m2 isolate. Also in agreement, s1/m2 strains could be either type i1 (74%; 14/19) or i2 (26%; 5/19).
Association of vacA Allelic Types With Disease
Next we assessed the association of polymorphisms in different vacA regions with disease. The results of univariate multinomial logistic regression analysis are shown in Table 1 . Types s1, i1, and m1 vacA strains were closely associated with GC. i1, not s1 or m1, strains were significantly associated with PU. For the vacA i region, we examined the association with duodenal ulcer (DU) and gastric ulcer strains separately; 69% of patients (27/39) with DU had vacA i1 strains, significantly more than the 44% (31/71) with gastritis (P ϭ .01); for gastric ulcer, 50% (3/6) had i1 strains, no different from the proportion with gastritis, although the small number of gastric ulcers means our study was underpowered to show an association. Finally, we examined the association of vacA type with pattern of gastritis. Only i region type showed a significant association; 27% of patients (8/30) with antral-predominant gastritis had an i1 strain, significantly fewer than the 56% of patients (23/41) with pangastritis who had i1 strains (P ϭ .02).
Possession of cagA and Its Association With Disease and With vacA Genotypes
Although the 10 isolates with multiple infections (vacA genotypes) were all typed as cagA positive, they were all excluded from the analysis because they could also have contained cagA-negative strains. This left strains from 193 patients for analysis, 139 (72%) of which were cagA positive. The results of univariate multinomial logistic regression analysis for cagA are reported in Table 1 . cagA was significantly associated with both GC and PU. No association was found between cagA status and distribution of gastritis in the gastritis-only patients.
cagA-positive status was very closely associated with the vacA s1 genotype; all 52 s1/i1/m1 strains, all 14 s1/i1/m2 strains, and all 5 s1/i2/m2 strains were cagA positive; 50 of 51 s2/i2/m2 strains and the only s2/i1/m2 strain were cagA negative.
Analysis of the Number of cagA EPIYA-C Segments
The PCR analysis of the number of predicted type C CagA EPIYA segments (EPIYA-C) was performed at a later date on H pylori DNA samples from 59 patients with benign diseases and 53 with GC. For the patients with benign diseases, data from both antrum and corpus isolates were available for 22 patients; data from antrum only or corpus only were available for 28 and 9 patients, respectively. For the patients with GC, cagA genotyping was performed on DNA samples from both neoplastic and nonneoplastic tissue. PCR findings were negative from 21 and 7 neoplastic and nonneoplastic tissue samples, respectively. In total, cagA EPIYA results were available for 47 patients with GC; 31 patients had successful typing from both neoplastic and nonneoplastic tissue, one from only neoplastic tissue, and 15 from only nonneoplastic tissue.
The number of predicted EPIYA-C segments ranged from 0 to 3. Among patients with benign disease, 44 (75%) had the same number of EPIYA-C segments in all analyses whereas 15 (25%) had differing numbers of EPIYA-C segments either within the same sample or in different samples (indicating probable mixed strain infection); for GC, 28 patients (60%) had the same number of EPIYA-C segments in all samples and 19 (40%) had differing numbers. The accuracy of PCR typing was confirmed by nucleotide sequence analysis on a subset of 32 PCR amplification products (GenBank accession numbers from EF450136 to EF450167; Supplementary Figure 1 ; see supplementary material online at www.gastrojournal.org). Next we used the sequence data to assess relatedness of cagA alleles in patients who appeared to have strains with differing numbers of EPIYA-C segments. We studied 2 patients who had strains with both 1 and 2 EPIYA-C segments and 1 patient who had strains with 1, 2, and 3 EPIYA-C segments (EF450138 and EF450139, EF450148 and EF450149, EF450145 and EF450146 and EF450147, respectively). The amino acid sequences were further analyzed using the ClustalW program to generate a cladogram, estimating genetic distances between the sequenced strains ( Supplementary Figure 2; see supplementary material online at www.gastrojournal.org). cagA alleles from the same patient always clustered together, implying that they were more closely related than alleles from different patients.
Association of EPIYA-C Segment Number With Site Within the Stomach
It has been suggested that strains with higher numbers of CagA EPIYA-C segments are less well able to withstand low pH. 27 We thus asked whether they preferentially colonized different parts of the stomach. For patients with benign diseases with successful strain isolation from antrum and corpus, 17 had completely concordant but 4 had discordant results (Table 2) . Interestingly, all 4 of these had isolates with higher numbers of EPIYA-C segments in the gastric corpus. However, taking all the results from patients with benign disease together, although numerically a higher proportion of corpus biopsy specimens had at least 1 isolate with Ͼ1 segment (40%; 12/30) than antral biopsy specimens (20%; 10/49), this did not reach statistical significance in our study (P ϭ .07). For patients with cancer, 61% of biopsy specimens (28/46) from benign tissue had at least 1 isolate with Ͼ1 EPIYA-C segment, no different than 59% (19/32) from malignant tissue. In 4 cases, strains isolated from cancer or noncancer tissue gave discordant results; in 2 the isolates from the tumor had more segments, and in 2 the isolates from the normal mucosa had more segments ( Table 2) .
Association of Predicted cagA EPIYA Segment Number With GC
Next we asked whether the number of cagA EPIYA-C segments was associated with disease. For this 
analysis, we divided patients with cagA-positive strains into 2 groups: those where no isolate had Ͼ1 EPIYA-C segment and those where at least 1 isolate had Ͼ1 EPIYA-C segment. Table 3 reports the results of univariate multinomial logistic regression analysis made considering diagnosis as the dependent variable and EPIYA-C segment number as the predictor variable. GC risk was estimated to be 7-and 32-fold higher, respectively, in patients infected by strains with no more than 1 and by strains with at least 2 EPIYA-C segments when compared with patients with nonatrophic gastritis infected by cagA-negative strains. Although we had not shown an association between cagA EPIYA-C segment number and GC site, we performed a further analysis restricted to strains typed from antral biopsy specimens from noncancerous tissue to exclude possible confounding from our strains being isolated from different parts of the stomach. In this limited data set, the same result was found, with 71% of patients (20/28) with cancer having at least 1 isolate with at least 2 EPIYA-C segments compared with 22% of patients (10/46) without cancer (P Ͻ .0001).
Multivariate Analysis of Virulence Factor Association With Disease
In the univariate model (Table 1) , type s1, i1, and m1 vacA and the presence of cagA were associated with an enhanced risk of GC. Type i1 vacA was associated with an enhanced risk of PU. The number of EPIYA-C segments (Table 3) was associated with an enhanced risk of GC. We now performed multivariate multinomial logistic analysis, including terms for age and sex. We considered i vacA alleles and EPIYA-C segments as variables of interest in predicting PU or GC to estimate the relative role of these predictors. vacA s region type was excluded from the analysis because of the very close association of the s1 type with cagA-positive status. vacA m region type was excluded from the analysis because of the low number of GC cases successfully typed for this region. Table 4 shows the results obtained. Type i vacA remained an independent predictor of PU. Compared with cagA-negative infections, both cagA-positive infections where CagA was predicted to have 1 EPIYA-C segment and infections where CagA was predicted to have more than 1 EPIYA-C segment were independent risk factors of GC, with the latter having an odds ratio 5-fold higher than the former.
Histology and H pylori vacA and cagA Polymorphisms Table 5 reports the results of the association between H pylori virulence genes and the histologic parameters evaluated in patients without GC. Mean and median values of antral and corpus H pylori colonization grade, mononuclear cell infiltration ("inflammation"), or neutrophil infiltration ("activity") are reported after the patients have been subdivided according to vacA or cagA polymorphisms. vacA s1, i1, and m1 alleles were correlated with more severe corpus inflammation and with more severe antral and corpus activity. Presence of the cagA gene was associated with more severe antral and corpus activity but not with grade of inflammation per se. The number of cagA EPIYA-C sequence did not significantly affect inflammation or activity. In both antrum and corpus, there was a close association between H pylori density and both inflammation ( 2 ϭ 18.92, P Ͻ .001 and 2 ϭ 12.98, P Ͻ .001) and activity ( 2 ϭ 15.62, P Ͻ .001 and 2 ϭ 18.44, P Ͻ .001). Virulence factors were largely not associated with H pylori density, but strains with 2 or more EPIYA-C segments colonized the antrum more densely than strains with only one EPIYA-C segment. Surprisingly, cagA-negative strains colonized antrum and corpus as densely as cagA-positive strains and numerically as densely as strains with 2 or more EPIYA-C segments.
IM was found in similar percentages in patients with gastritis alone (21.9%), PU (25.5%), and GC (24.3%). For the subsequent analysis of data, we considered only patients without GC, because the majority of patients with GC harbored cagA-positive, vacA s1/i1 strains, and we believed this might bias the results. Table 6 reports the results of univariate binary logistic regression analysis considering the presence or absence of IM as the dependent variable and H pylori virulence genes or H pylori colonization grade as predictors. s1, i1, m1 vacA as well as the presence of cagA or higher corpus H pylori colonization grade enhanced the risk of IM. We selected i type of vacA, the number of cagA EPIYA-C segments, and corpus H pylori colonization grade as predictors and IM as the dependent variable to perform multivariate multinominal logistic regression analysis, including terms for age and sex. EPIYA-C segment number was an independent predictor of IM risk. The magnitude of this risk increased with increasing numbers of EPIYA-C segments (1 EPIYA-C segment: odds ratio ϭ 27 [95% confidence interval ϭ 1.8 -394]; 2 EPIYA-C segments: odds ratio ϭ 30 [95% CI ϭ 1.1-863]; 3 EPIYA-C segments: odds ratio ϭ 50 [95% CI ϭ 1.9 -1300]). Neither vacA i1 type nor corpus colonization grade was an independent risk factor (adjusted odds ratio ϭ 1.34 and 0.58, respectively).
Discussion
The most widely researched and best-established H pylori virulence factors are the vacuolating NOTE. H pylori density and mononuclear (inflammation) and polymorphonuclear (activity) cell infiltrate in antrum and corpus were assessed and graded according to the updated Sydney System. 25 NS, not significant.
cytotoxin, VacA, and the cytotoxin-associated protein A, CagA. 2, 18, 19, 29 CagA has received renewed interest following the demonstration that the 3= region of the cagA gene varies in size due to a variable number of repeats encoding type C EPIYA phosphorylation sites. 8 For vacA, a new polymorphic region (the i region) has been described and shown to be a major determinant of toxicity; vacA type i1 strains were shown to be closely associated with GC in an Iranian population, and i1 type was shown to be a better marker of disease than s1 or m1 genotypes. 24 Like that study, we confirmed that all s1/m1 vacA alleles were type i1, all s2/m2 alleles were type i2, and s1/m2 alleles could be i1 or i2. The lack of other allelic structures (eg, s1/i2/m1) could be because the specific recombination events needed to make these mosaics have never occurred. However, it is perhaps more likely that they have occurred but the resultant allele is unfavorable to H pylori and is selected against, as is believed to be the case for s2/m1 vacA alleles, which are described but are very uncommon. 20 vacA s1, i1, and m1 strains were all significantly associated with GC in our Italian population, confirming that these vacA alleles are risk factors for GC in Italy as already described in Iran. 24 The discrimination of vacA i region typing between cancer and "gastritis only" cases was numerically superior to s and m region typing; if i1 type is taken as a marker of a cancer-associated strain and i2 as a marker of a "gastritis only" strain, 65% of cases were discriminated correctly. We also show, for the first time, a significant association between vacA i1 type and DU. This is important because although both DU and GC are caused by H pylori, they are pathogenically and epidemiologically different. 30 Our study shows that, like cagA, vacA i1 strains increase the risk of both major H pyloriassociated diseases, not just GC. However, the association with DU was weaker than that with cancer and other data from our study both support this and suggest an explanation. Among the noncancer patients, i1 strains were significantly more closely associated with pangastritis than with antral-predominant gastritis. GC develops on a background of pangastritis and DU on a background of antral-predominant gastritis; thus, we suggest that i1 vacA predisposes more strongly to pangastritis, and this explains its closer association with GC than with DU.
As in many other studies, we showed that cagApositive strains were associated with both GC and with PU 2, 3, 18, 19, 29 and a virtually complete concordance between cagA-positive status and the vacA s1 genotype within strains. 18, 19, 29, 31 This means that human disease association studies such as ours cannot assess which is more important in disease pathogenesis; both perform equally as markers of disease-causing strains. Moreover, it explains associations between cagA-positive status and the vacA i1 and m1 types; these are entirely due to the association of these types with the s1 vacA type.
Our analysis of gastric histology gives further insights into cagA-and vacA-associated pathogenesis. Firstly, we found a good correlation between H pylori density and inflammation, in support of previous studies. 31, 32 cagApositive, vacA s1, i1, and m1 strains were associated with neutrophil infiltration ("activity") but not lymphocyte infiltration ("inflammation") in the antrum and with both "activity" and "inflammation" in the corpus. This is slightly different than the effects recently described in the H pylori-infected Mongolian gerbil model using wild-type strains and cagA null isogenic mutants, where cagA positivity increased bacterial density and inflammation in the corpus but had no effect in the antrum. 33 This reinforces the need to study humans for the understanding of human pathology and the dangers of trying to extrapolate from animal models. We also showed associations between vacA i region and m region type and corpus inflammation and activity, which were as strong or stronger than the associations for cagA/vacA s region; this suggests that these other vacA polymorphisms have additional or independent importance in inducing pathology and reinforces the importance of studying humans rather than animal models; in the Mongolian gerbil, vacA null mutants are nearly as pathogenic as vacA-positive wild-type strains. 34 Finally, we showed that the same factors as those associated with GC in this and other studies (cagA and s1, i1 and m1 vacA) were associated with precancerous IM. We confirmed previous studies showing that strains with cagA with higher numbers of EPIYA-C segments were much more closely associated with GC than strains with cagA with one C-type segment only. 8, 14 However, this is the first clinical study performed in a large series of European patients specifically showing that the relative risk of GC development is directly correlated with the number of EPIYA-C segments; in patients infected by strains with no more than one EPIYA-C, it was 7 times higher than cagA-negative H pylori-infected subjects, while the risk was more than 30-fold higher in subjects infected by strains with 2 or more EPIYA-C segments. Variation in EPIYA-C segment number is particularly relevant in Western types of CagA present in our Italian strains. Previous clinical association studies have been conducted mainly on East-Asian patients, where relevance is minimal because the ABD form of CagA predominates. 27, 35, 36 We could not show, however, a direct association between numbers of EPIYA-C segments and worsened gastric inflammation or activity. This may have been a type II error (we studied fewer strains than for other virulence factors and so could have missed a real effect), but if not it may imply that these strains increase cancer risk through a process other than increasing severity of inflammation. In agreement with this, a direct correlation was found in patients without GC between the number of EPIYA-C segments and the risk of IM. Although the risk of IM was increased in patients with s1, i1, and m1 vacA and in patients with increased H pylori colonization density in the corpus, in a multivariate model, only EPIYA-C segment number was confirmed to be an independent risk factor for IM, the risk being progressively higher when infecting strains had 1, 2, or 3 EPIYA-C segments.
When we analyzed the cagA 3= region for numbers of type EPIYA-C segment, we found frequent evidence of coinfections; in 25% of patients with benign diseases and in 40% of patients with GC, amplicons of the 3= region of cagA with molecular weights corresponding to different numbers of repeated sequences were obtained from samples of the same patient. These were confirmed to reflect the number of repeated sequences in the 3= region of cagA by sequence analysis performed in a subset of 28 DNA samples. From the derived amino acid sequence, in all these samples the EPIYA-A and EPIYA-B segments were singly present, while a variable number of EPIYA-C segments were found. We also sequenced 7 gel-eluted amplicons: 2 (1 and 2 EPIYA-C) were from one patient's sample (PD5951K), 2 (1 and 2 EPIYA-C) were from a second patient's sample (PD2968K), and 3 (1, 2, and 3 EPIYA-C) were from a third patient's sample (PD3497K). The sequences from the same patient were very similar (Supplementary Figure 2; see supplementary material online at www.gastrojournal.org), suggesting that they derived from a common strain rather than from unrelated coinfecting strains. This suggests that the presence in the same stomach of H pylori cagA-positive strains with different EPIYA-C segments is probably not due to coinfections, but rather represents rapid evolution of a single strain with survival of parent and daughter substrains, as described by Aras et al. 37 One hypothesis to explain the persistence of closely related substrains with different CagA EPIYA-C segments in the same stomach is that such substrains might be fitted to colonize different anatomic areas within the stomach. Our data give some support to this idea. Firstly, among the patients with benign diseases, all 4 with H pylori substrains with different cagA EPIYA-C segments isolated from antrum and corpus had the substrain with more EPIYA-C segments (and so likely more active CagA) in the corpus. Also, overall, twice as many strains isolated from the corpus had Ͼ1 EPIYA-C segments as strains isolated from the antrum in these patients with benign disease, although this just failed to reach formal statistical significance (P ϭ .06). Admittedly this pattern was not seen in patients with cancer, but these patients are likely to have atrophic change throughout their stomach and so might be expected to lose regional gastric selective pressures based on differential acidity. Also, these patients, who tended to have strains with more CagA EPIYA-C segments, would likely have higher pH in their stomachs due to the atrophy. This fits well with the idea that strains with more EPIYA-C segments may be less resistant to acid. 27 In conclusion, we have shown the importance of H pylori vacA polymorphisms in disease, particularly the importance of the newly described i1 type in PU. We have confirmed the pathogenicity of cagA-positive strains but also shown that among these strains, those with more active forms of cagA are associated with a further increased risk of GC. Our analyses of distribution of gastritis and histopathologic changes and of co-colonization with different H pylori substrains support these findings and give insights into possible mechanisms.
